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Fibrin is a natural provisional matrix found in wound healing, 
while type I collagen is a major organic component of bone 
matrix. Despite the frequent use of fibrin and type I collagen in 
bone regenerative approaches, their comparative efficacies 
have not yet been evaluated. In the present study, we 
compared the effects of fibrin and collagen on the proliferation 
and differentiation of osteoblasts and protein adsorption. 
Compared to collagen, fibrin adsorbed approximately 6.7 
times more serum fibronectin. Moreover, fibrin allowed the 
proliferation of larger MC3T3-E1 pre-osteoblasts, especially at 
a low cell density. Fibrin promoted osteoblast differentiation at 
higher levels than collagen, as confirmed by Runx2 expression 
and transcriptional activity, alkaline phosphatase activity, and 
calcium deposition. The results of the present study suggest 
that fibrin is superior to collagen in the support of bone 
regeneration. [BMB Reports 2014; 47(2): 110-114] 



INTRODUCTION 

Natural biopolymers such as collagen and fibrin have been fre- 
quently utilized as biomaterials for bone regeneration. The ex- 
tracellular matrix in bone tissues is mainly composed of type I 
collagen. Collagen is characterized by a unique triple-helix for- 
mation that extends over a large portion of its structure. Fibrous 
collagen influences the development and maintenance of the 
osteoblast phenotype and induces the differentiation of bone 
marrow stromal cells along the osteoblast pathway (1, 2). In ad- 
dition to the specific motifs of collagen that bind cellular in- 
tegrin receptors (3, 4), the fibrous structure of collagen contrib- 
utes to osteoblast differentiation by stabilizing Runx2 proteins 
(5). Mimicking the fibrous morphology of collagen, fibrous en- 
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gineered matrices have been developed and have shown good 
biological performance for bone regeneration (6-8). 

Fibrin, a fibrous biopolymer, forms naturally during blood 
clotting. Hemostasis is the primary role of fibrin, but fibrin also 
functions as a provisional matrix during wound healing. Fibrin 
possesses suitable properties for use in regenerative medicine. 
For instance, fibrin is capable of conveying matrix proteins and 
growth factors (9-11). During the early stages of bone repair, 
thrombin contributes to the proliferation of osteoblasts (12). 
Fibrin supports osteoblast differentiation and bone healing, in 
which thrombin engaged in fibrin modulates the fibronectin 
binding capacity of fibrin (1 3-1 6). 

Based on their biological properties, collagen and fibrin 
have been widely examined in biomedical research due to 
their ability to repair tissue. Collagen and fibrin can be used as 
scaffolding materials, coating agents for synthetic polymers, 
and carriers for the delivery of genes, drugs, or bioactive 
agents (1 7). Despite the frequent use of collagen and fibrin in 
bone regenerative approaches, their comparative efficacies 
have not yet been evaluated. In the present study, we evi- 
denced the superiority of fibrin to collagen in the adsorption of 
serum fibronectin, osteoblast proliferation, and osteoblast 
differentiation. Collagen and fibrin matrices were prepared us- 
ing the same concentrations of fibrinogen and type I collagen, 
and serum protein adsorption to the matrices was evaluated. 
MC3T3-E1 pre-osteoblasts were cultured on the matrices, and 
cell proliferation, Runx2 expression and transcriptional activ- 
ity, alkaline phosphatase (ALP) activity, and calcium deposi- 
tion were determined. 

RESULTS AND DISCUSSION 
Matrix morphology 

Both matrices were prepared using the same concentrations (1 
or 3 mg/ml) of collagen and fibrinogen. The morphology of the 
collagen and fibrin matrix was examined using SEM (Fig. 1). 
The fiber thickness of collagen and fibrin was 74.0 + 22.9 nm 
(number of counted fibers, n = 409) and 67.6 + 20.2 nm (n 
= 416), respectively. In repeated experiments, significant dif- 
ference in the thickness of collagen and fibrin were not 
observed. 
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Protein adsorption 

Protein adsorption to the matrices was also assessed. As shown 
in Fig. 2, the level of total serum protein adsorption to fibrin 
was similar to that of collagen. Considering their similar fiber 
thicknesses, the total surface area of collagen and fibrin should 
be similar. Thus, the observed similarities in protein absorp- 
tion reflected their similar total surface areas. Serum fi- 
bronectin and vitronectin bound to both matrices were meas- 
ured using the band intensities in Western blot analyses. 
Statistical analysis from three independent experiments 
showed that the adsorption of serum vitronectin to fibrin and 
collagen was not significantly different. However, fibrin ad- 
sorbed approximately 6.7 times more serum fibronectin than 
collagen. Fibronectin belongs to a family of high molecular 
weight glycoproteins that are present on cell surfaces, in ex- 
tracellular fluids, and in connective tissues. Fibronectin inter- 
acts with other extracellular matrix proteins and cellular li- 
gands, such as collagen, fibrin, and integrins. Fibronectin regu- 
lates the adhesion, proliferation, and differentiation of osteo- 
blasts (18, 19). The results obtained in the present study in- 
dicate that the fibronectin binding capacity of fibrin was sig- 
nificantly greater than that of collagen, which contributed to 
the favorable cell response for regeneration. 



Osteoblast proliferation 

We determined the cell proliferation on both matrices at low 
(5 x 10 3 cells/cm 2 ) and high densities (2.5 x 10 4 cells/cm 2 ) of 
cell seeding. At both cell densities, fibrin supported cell pro- 
liferation at greater levels than collagen at all of the time points 
(Fig. 3, ANOVA, P < 0.05). The supportive effect of fibrin was 
more evident at a low cell density than a high cell density. 
After 7 days of culture, the cell proliferation of fibrin was 7.3 
times greater than that of collagen at a low cell density and ap- 
proximately 1.2 times greater at a high density. The high fi- 
bronectin binding capacity of fibrin may provide a favorable 
environment for cell proliferation. In addition, thrombin, a 
component of fibrin, may induce osteoblast differentiation, as 
previously reported (12). Cells used in tissue engineering are 
limited in number and are difficult to propagate. With respect 
to tissue regeneration, the capacity of fibrin to support cell pro- 
liferation provides a significant advantage over collagen. 

Osteoblast differentiation 

To examine the effects of collagen and fibrin on osteoblast dif- 
ferentiation, we evaluated the expression and transcriptional 
activity of Runx2, ALP activity, and calcium deposition on the 
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Fig. 1. Scanning electron microscopic images of the collagen and 
fibrin matrices (A). The fiber thickness (B) was measured using 
scanning electron microscopic images at a magnification of 
20,000 x. Bar length: 1 nm. 
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Fig. 2. Profiles on the binding of serum proteins to collagen and 
fibrin. (A) The amount of total serum protein binding to collagen 
and fibrin matrices was determined by MicroBCA assay. (B) 
Western blots for fibronectin and vitronectin adsorbed to collagen 
and fibrin matrices from serum. Recovered serum proteins ad- 
sorbed to the matrices were separated via SDS-PAGE. (C) Serum 
fibronectin and vitronectin bound to fibrin was measured using 
the band intensities in Western blot analyses. *Serum fibronectin 
adsorbed to fibrin was significantly different from that of collagen 
(ANOVA, P < 0.05). 
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Fig. 3. Osteoblast proliferation. MC3T3-E1 cells were seeded on 
collagen and fibrin at densities of 5 x 10 3 cells per cm 2 (A) and 
2.5 x 10 4 cells per cm 2 (B). *Significantly different from collagen 
(ANOVA, P < 0.05). 

matrices. Both the collagen and fibrin matrices significantly 
promoted the differentiation and maturation of osteoblasts 
compared to that of the tissue culture dish (TCD). After 2 days 
of culture, the cells on fibrin expressed Runx2 transcripts at a 
greater level than those on collagen, and the level of Runx2 
protein was approximately 2.5 times greater in cells grown on 
fibrin than those on collagen (Fig. 4A). The transcriptional ac- 
tivity of Runx2 was also higher on fibrin (Fig. 4A), consistent 
with the expression levels of Runx2. After 7 days of culture, 
the cells grown on fibrin showed approximately 2.7 times 
greater ALP activity than those on collagen (Fig. 4B). Calcium 
deposition on both collagen and fibrin was significantly in- 
creased compared to those on TCD. However, calcium depo- 
sition on fibrin showed similar levels compared to those on 
collagen (Fig. 4C). Repeated experiments confirmed that the 
enhancement of osteoblast differentiation by fibrin was sig- 
nificantly greater than that of collagen. In addition, our results 
on osteoblast differentiation were also consistent. Given that 
Runx2 is a transcription factor that switches on the expression 
of osteoblast phenotypes (20-22), these results suggest that 
Runx2 is a suitable molecular marker for the evaluation of bio- 
materials that support bone regeneration. 

The results obtained in the present study consistently in- 
dicate that fibrin is a better biopolymer than collagen in terms 
of protein adsorption, osteoblast proliferation, and osteoblast 
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Fig. 4. Osteoblast differentiation. MC3T3-E1 cells were seeded at 
a density of 2.5 x 10 4 cells per cm 2 and cultured for 2 days (A) 
or 7 days (B, C). (A) Expression (left) and transcriptional activity 
(right) of Runx2. (B) Alkaline phosphatase activity. (C) Calcium 
deposition on the matrices. *Significantly different from TCD. 
Significantly different from collagen (ANOVA, P < 0.05). 

differentiation. These findings suggest that fibrin is superior to 
collagen as a component of composite scaffolds for enhancing 
the biological performance of synthetic polymer scaffolds or as 
a sole material in various bone regenerative applications. 
Furthermore, fibrin can be prepared from autologous blood 
products, which highlights its importance in clinical applica- 
tions (23, 24). Because scaffolds for bone tissue regeneration 
require adequate mechanical strength and timely degradation 
properties, further studies on the modification of these proper- 
ties due to fibrin must be performed. 

MATERIALS AND METHODS 

Reagents 

Bovine fibrinogen, thrombin, aminocaproic acid, L-Ascorbic 
acid and glycerol 2-phosphate were purchased from Sigma (St. 
Louis, MO). Rat tail type I collagen was purchased from BD 
Bioscience (San Jose, CA). Fetal bovine serum (FBS), HEPES 
buffer solution, and penicillin-streptomycin solution were from 
GibcoBRL (Carlsbad, CA), and ascorbic acid-free a-MEM was 
from WelGene (Daegu, Korea). The MicroBCA assay kit was 
from Pierce-Thermo (Rockford, IL). Qunat-iT PicoGreen 
dsDNA-assay kit was from Invitrogen (Eugene, OR). West-Zol 
was from Intron Biotechnology (Seoul, Korea). A Dual-GloTM 
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Luciferase Assay System was from Promega (Madison, Wl). 
Protease inhibitor cocktail tablets (Complete) were from Roche 
(Basel, Switzerland). Anti-Runx2, anti-actin, and HRP-con- 
jugated IgG antibodies were from Santa Cruz Biotechnology 
(Santa Cruz, CA). Anti-fibronectin and anti-vitronectin anti- 
bodies were from Chemicon (Temecula, CA). 

Preparation of matrices 

Collagen matrix was prepared by pouring 1, 3, or 5 mg/ml 
type I collagen in PBS (pH 7.4) into a culture dish and was sol- 
idified in an incubator at 37°C. Fibrin matrix was prepared by 
mixing fibrinogen and thrombin solutions, which contained 1, 
3, or 5 mg/ml fibrinogen in PBS (pH 7.4), 1 U/ml thrombin, 50 
|j,g/ml aminocaproic acid, and 1 mM of CaCb, and pouring the 
solution into a culture dish. 

Scanning electron microscopy (SEM) 

The matrices were rinsed in PBS and fixed using 2.5% (v/v) 
glutaraldehyde in a 0.1 M cacodylate buffer (pH 7.4). After 
freeze-drying, the specimen was dehydrated by dipping it in 
increasing concentrations of ethanol and then by critical point 
drying. After drying, the specimens were sputter-coated with 
gold-paladium and observed under an SEM at 12 kV (FESEM 
Hitachi S-4700, Japan). 

Protein adsorption 

Binding of serum proteins to matrices was examined as de- 
scribed in a previous report with some modifications (15). In 
brief, matrices were incubated in the presence of 10% (v/v) 
mouse serum at 37°C. After the 4 h of incubation, serum sol- 
ution was removed from the matrices. The matrices were 
washed with PBS under gentle agitation for 20 min. The 
washing solution was then discarded and fresh PBS was re- 
placed to wash again. A total of three washings were con- 
ducted to remove free and loosely adsorbed proteins (there 
was a negligible amount of proteins in the third washing sol- 
ution). The remaining proteins (adsorbed) to the matrices 
were recovered by incubation in 1% (w/v) SDS solution after 
homogenization. Amounts of proteins were determined by 
MicroBCA assay. The recovered serum protein samples were 
subject to 8% (w/v) SDS-PAGE and followed by Western blot 
analysis. 

Cell culture 

MC3T3-E1 pre-osteoblasts were seeded on both matrices at 
densities of 5 x 10 3 cells/cm 2 and 2.5 x 10 4 cells/cm 2 for a 
proliferation test and at a density of 2.5 x 10 4 cells/cm 2 for dif- 
ferentiation ones. About 12 h after cell seeding, the cells were 
cultured in a-MEM supplemented with 10% (v/v) FBS, 50 
Hg/m\ ascorbic acid, and 5 mM P-glycerophosphate. 

Cell proliferation 

After 1, 3, 5, and 7 days of culture, 100 [i\ of Mg 2+ Lysis/ 
Wash buffer was added and then 10 uJ of PicoGreen reagent 



was added to each sample according to the manufacturer's 
instructions. After the incubation, the fluorescence was meas- 
ured using Fluostar Optima (BMG Labtech Gmbh, Ortenberg, 
Germany). 

Determination of calcium contents 

The matrices on which the cells were cultured for 7 days were 
examined for calcium deposition by use of a calcium assay kit 
(Sigma). The cultures were placed in 0.5 N HCI and incubated 
for 24 h. Then calcium reagent working solution was added to 
each sample according to manufacturer's instruction. The ab- 
sorbance was measured at 575 nm. 

Alkaline phosphatase (ALP) assay 

ALP activity was measured using spectrophotometry with p-ni- 
trophenyl phosphate (p-NPP) as a substrate. After either 3 or 7 
days of culture, cells were collected and homogenized in 0.5 
ml of distilled water using a sonicator and then centrifuged. 
Cell homogenate aliquots were incubated with 15 mM p-NPP 
in 0.1 M glycine-NaOH (pH 10.3) at 37°C for 30 min. The re- 
action was stopped with 0.25 M NaOH, and absorbance was 
measured at 410 nm. 

Luciferase assay 

Either 2 [ig of the Runx2 activity reporter vector (6XOSE2-Luc) 
or 2 p,g of the empty vector pcDNA3.1 was transfected into 
MC3T3-E1 cells. The cells were maintained in ascorbic 
acid-free a-MEM, and then they were trypsinized and col- 
lected in a tube. Transient transfections were performed using 
the microporator MP-100 (Digital Bio Technology, Suwon, 
Korea). Then, the cells were seeded and cultured as described 
above. One day after culturing in the differentiation medium, 
luciferase activity was measured using the Dual-GloTM 
Luciferase Assay System. Renilla luciferase activity was used 
for normalization. 

Western blot analysis 

Cell lysates were prepared using a buffer of 10 mM Tris-Cl, pH 
7.5, 150 mM NaCI, 1 mM EDTA, pH 8.0, 1% (v/v) Triton 
X-100, 0.5% (w/v) sodium deoxycholate, 0.1% (w/v) SDS, 1 
mM PMSF, and a complete protease inhibitor cocktail tablet. 
Samples containing equal amounts of protein were subjected 
to SDS-PAGE and subsequently transferred onto a poly- 
vinylidene difluoride membrane. The membrane was blocked 
with 5% (w/v) nonfat dried milk and incubated with each anti- 
body followed by incubation with HRP-conjugated secondary 
antibody. Luminescence was detected with an LAS1000 (Fuji, 
Tokyo, Japan). 

Statistical analysis 

All of the results are expressed as the means + S.D. (n=4). All 
experiments were repeated three times. Significant differences 
were analyzed using ANOVA. P values < 0.05 were consid- 
ered to indicate a statistically significant difference. 
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